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INTRODUCTION
:LOGHUQHVV�DUHDV�R൵HU�YDOXH�WR�VRFLHW\�DV�D�VRXUFH�
RI�VFLHQWL¿F�LQIRUPDWLRQ��/DUJH�ZLOGHUQHVV�DUHDV�
provide unparalleled opportunities to develop and test 
VFLHQWL¿F�WKHRULHV�DERXW�WKH�FDXVHV�DQG�FRQVHTXHQFHV�
RI�QDWXUDO�GLVWXUEDQFHV��0LOOHU�DQG�$SOHW��������)RU�
example, they have been critical for testing theory 
DERXW�VHOI�OLPLWLQJ�ZLOG¿UH�VHYHULW\�DQG�VSUHDG�
�&ROOLQV�HW�DO��������3DUNV�HW�DO������E���ULYHU�FKDQQHO�
dynamics and forest-stream interactions (Hauer et al. 
������0RQWJRPHU\�DQG�$EEH��������DQG�FRXSOLQJV�
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Fire History (1889–2017) in the South Fork Flathead River 
Watershed within the Bob Marshall Wilderness (Montana), 

,QFOXGLQJ�(ႇHFWV�RI�6LQJOH�DQG�5HSHDW�:LOG¿UHV� 
on Forest Structure and Fuels

EHWZHHQ�XSODQG�ZLOG¿UHV�DQG�ÀXYLDO�KDELWDW�G\QDPLFV�
through the delivery of sediment and large wood 
WR�WKH�FKDQQHO�QHWZRUN�E\�GHEULV�ÀRZV��%HQGD�DQG�
%LJHORZ��������0XFK�RI�WKH�VFLHQWL¿F�YDOXH�RI�ODUJH�
wilderness areas is derived from the untrammeled 
character of disturbance-driven landscape systems, 
IRU�H[DPSOH��DFWLYH�¿UH�UHJLPHV�LQ�ZKLFK�OLJKWQLQJ�
LJQLWHG�ZLOG¿UHV�DUH�DOORZHG�WR�EXUQ��DQG�ODUJH�DOOXYLDO�
ULYHUV�ZLWK�XQLPSHGHG�ÀRZ�DQG�FKDQQHO�PLJUDWLRQ�
�¿J������,QWHQVLYHO\�PDQDJHG�ODQGV�LQ�ZKLFK�¿UHV�DUH�
suppressed, hillsides are logged, rivers are dammed, 
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and geomorphic processes are altered by road building 
GR�QRW�SURYLGH�WKH�VDPH�VFLHQWL¿F�RSSRUWXQLWLHV�DV�
large wilderness areas for understanding natural 
disturbance processes.

7KH�XVH�RI�ZLOGHUQHVV�DUHDV�DV�VFLHQWL¿F�REVHUYDWRULHV�
is consistent with the purpose and intent of the 
:LOGHUQHVV�$FW�RI�������<HW�ZLOGHUQHVV�DUHDV�KDYH�
ORQJ�EHHQ�XQGHUXWLOL]HG�IRU�VFLHQWL¿F�SXUSRVHV�
�)UDQNOLQ��������HYHQ�DV�WKHLU�SRWHQWLDO�VFLHQWL¿F�YDOXH�
to society grows due to land conversion, increasing 
human population, and anthropogenic climate change. 
For example, wilderness areas provide control areas 
with which to compare active management strategies 
IRU�FOLPDWH�FKDQJH�DGDSWDWLRQ��%HORWH�HW�DO������D��

Figure 1²$HULDO�REOLTXH�YLHZ��ORRNLQJ�VRXWK��VKRZLQJ�WKH������'DPQDWLRQ�&UHHN�¿UH�UHEXUQLQJ�DQ�DUHD�RI�ROG�JURZWK�ZHVWHUQ�
ODUFK�PL[HG�FRQLIHU�IRUHVW�SUHYLRXVO\�EXUQHG�E\�WKH������+HOHQ�&UHHN�¿UH�DORQJVLGH�WKH�6RXWK�)RUN�)ODWKHDG�5LYHU��%RE�
0DUVKDOO�:LOGHUQHVV��0RQWDQD��86$��0XFK�RI�WKH�VFLHQWL¿F�YDOXH�RI�ODUJH�ZLOGHUQHVV�DUHDV�LV�GHULYHG�IURP�WKH�XQWUDPPHOHG�
FKDUDFWHU�RI�GLVWXUEDQFH�GULYHQ�ODQGVFDSH�V\VWHPV��IRU�H[DPSOH��DFWLYH�¿UH�UHJLPHV�LQ�ZKLFK�OLJKWQLQJ�LJQLWHG�ZLOG¿UHV�DUH�
DOORZHG�WR�EXUQ��DQG�ODUJH�DOOXYLDO�ULYHUV�ZLWK�XQLPSHGHG�ÀRZ�UHJLPHV�DQG�FKDQQHO�PLJUDWLRQ��SKRWR��-��)OLQW��86)6��

�������5HVHDUFK�LQ�ZLOGHUQHVV�DOVR�FRQWULEXWHV�WR�
the design and improvement of sustainable forest 
management practices used outside wilderness 
areas, including silvicultural treatments that produce 
FRPPHUFLDO�WLPEHU��+RSNLQV�HW�DO��������

6LQFH�WKH�HDUO\�����V��¿J������PDQDJHUV�KDYH�DOORZHG�
PDQ\�OLJKWQLQJ�LJQLWHG�¿UHV�WR�EXUQ�ZLWK�PLQLPDO�
interference in forests of the Bob Marshall Wilderness 
�%0:��LQ�QRUWKZHVWHUQ�0RQWDQD��6PLWK��������
7KLV�DFFXPXODWHG�PRVDLF�RI�¿UHV�D൵RUGV�LPSRUWDQW�
RSSRUWXQLWLHV�WR�LQYHVWLJDWH�ZLOG¿UH�H൵HFWV�RQ�IRUHVW�
VWUXFWXUH��SRVW¿UH�WUHH�UHJHQHUDWLRQ��DQG�IXHO�ORDGV�LQ�
forest ecosystems.
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Figure 2²7LPHOLQH�RI�¿UH�DQG�¿UH�PDQDJHPHQW�DFWLYLW\�LQ�WKH�XSSHU�6RXWK�)RUN�)ODWKHDG�5LYHU�ZDWHUVKHG�ZLWKLQ�WKH�%RE�
0DUVKDOO�:LOGHUQHVV��0RQWDQD��86$��.H\�PDQDJHPHQW�FKDQJHV�LQFOXGH�LPSOHPHQWDWLRQ�RI�WKH����$0�SROLF\�LQ�������DQG�WKH�
GHFLVLRQ�WR�DOORZ�IRU�¿UH�PDQDJHPHQW�ZLWKLQ�WKH�%RE�0DUVKDOO�:LOGHUQHVV�LQ�������

2I�SDUWLFXODU�VFLHQWL¿F�LQWHUHVW�DUH�WKH�FRPSDUDWLYH�
H൵HFWV�RI�VLQJOH�DQG�UHSHDW�ZLOG¿UHV��DOVR�FDOOHG�
UHEXUQV��RQ�IRUHVW�YHJHWDWLRQ�DQG�IXHOV��6KRUW�LQWHUYDO�
UHEXUQV��OHVV�WKDQ�DERXW����\HDUV�EHWZHHQ�¿UHV�LQ�
ZHVWHUQ�FRQLIHU�IRUHVWV��FDQ�KDYH�VWURQJ�H൵HFWV�RQ�
IXHOV��6WHYHQV�5XPPDQ�DQG�0RUJDQ�������:DUG�
HW�DO���������YHJHWDWLRQ�FRPSRVLWLRQ�DQG�VWUXFWXUH�
�&RRS�HW�DO��������&RSSHODWWD�HW�DO���������DQG�
SRVW¿UH�VXFFHVVLRQDO�WUDMHFWRU\��/DUVRQ�HW�DO���������
2QH�FKDOOHQJH�WR�VWXG\LQJ�UHEXUQ�H൵HFWV�LV�WKH�
LQDELOLW\�WR�LPSRVH�H[SHULPHQWDO�FRQWURO�RYHU�ZLOG¿UH�
events. Consequently, most reburn studies have been 
UHWURVSHFWLYH��ZLWK�QR�H[SHULPHQWDO�FRQWURO�RU�SUH¿UH�
measurements. This is particularly true in wilderness 
areas, where regulations prohibit experimental 
manipulations. 

7KH�VXEMHFW�RI�WKLV�VWXG\�LV�WKH�¿UH�KLVWRU\�VLQFH������
LQ�WKH�XSSHU�6RXWK�)RUN��6)��)ODWKHDG�5LYHU�ZDWHUVKHG�
ZLWKLQ�WKH�%0:��LQFOXGLQJ�H൵HFWV�RI�VLQJOH�DQG�UHSHDW�
ZLOG¿UHV�RQ�WUHH�UHJHQHUDWLRQ��IRUHVW�VWUXFWXUH��DQG�
IXHOV��2XU�¿UVW�REMHFWLYH�ZDV�WR�FKDUDFWHUL]H�WKH�DUHD�
burned one or more times in each of three management 
SHULRGV��WKH�SUH�¿UH�H[FOXVLRQ�SHULRG������±�������
WKH�¿UH�H[FOXVLRQ�SHULRG������±�������DQG�WKH�
¿UH�PDQDJHPHQW�SHULRG������±�������2XU�VHFRQG�
REMHFWLYH�ZDV�WR�LQYHVWLJDWH�WKH�H൵HFWV�RI�D�UHFHQW�
reburn event on tree regeneration, forest structure, 
DQG�IXHOV�XVLQJ�D�EHIRUH�DIWHU�FRQWURO�LPSDFW��%$&,��
�*UHHQ�������VWXG\�GHVLJQ�LQ�ROG�JURZWK�ZHVWHUQ�ODUFK�
(Larix occidentalis��PL[HG�FRQLIHU�IRUHVW�

METHODS
Study Area
The study area comprises the portion of the upper 
6)�)ODWKHDG�5LYHU�ZDWHUVKHG��DERYH�%XQNHU�&UHHN��
ZLWKLQ�WKH�%0:��0RQWDQD��DQ�DUHD�RI���������KD��
Elevation along the main stem of the SF Flathead 
5LYHU�ZLWKLQ�WKLV�DUHD�UDQJHV�IURP�������WR�������P��
PD[LPXP�HOHYDWLRQ�ZLWKLQ�WKH�ZDWHUVKHG�LV�������P��
Forest composition within the valley is dominated 
by lodgepole pine (Pinus contorta���'RXJODV�¿U�
(Pseudotsuga menziesii���ZHVWHUQ�ODUFK��(QJHOPDQQ�
spruce (Picea engelmannii���DQG�VXEDOSLQH�¿U��Abies 
lasiocarpa���ZLWK�PLQRU�DPRXQWV�RI�SRQGHURVD�
pine (Pinus ponderosa���$UQR�HW�DO��������%HORWH�HW�
DO������E��.HDQH�HW�DO��������/DUVRQ�HW�DO���������
High elevation sites support whitebark pine (Pinus 
albicaulis��DQG�DOSLQH�ODUFK��Larix lyallii���DQG�¿UHV�
in the BMW burn to the alpine treeline (Cansler et al. 
�������ZKHUH�WKH\�LQÀXHQFH�VWUXFWXUDO�FRPSOH[LW\�RI�
WKH�DOSLQH�WUHHOLQH�HFRWRQH��&DQVOHU�HW�DO���������1DWLYH�
Americans used the area more or less continuously 
IURP�DW�OHDVW������WR������EDVHG�RQ�WUHH�ULQJ�GDWLQJ�
of bark peeling scars on old ponderosa pine trees 
�gVWOXQG�HW�DO��������

Fire History
:H�GLYLGHG�WKH�¿UH�PDQDJHPHQW�KLVWRU\�IRU�WKH�VWXG\�
area into three time periods: pre-exclusion, exclusion, 
DQG�¿UH�PDQDJHPHQW��:H�GH¿QHG�WKH�SUH�H[FOXVLRQ�
SHULRG�DV�DOO�\HDUV�EHIRUH�������$OWKRXJK�WKH�FUHDWLRQ�
of the Forest Service, Department of Agriculture in 
�����PHDQW�WKDW�VRPH�EDFNFRXQWU\�¿UH�VXSSUHVVLRQ�
DFWLYLW\�GLG�RFFXU�EHWZHHQ������DQG�������LW�ZDV�
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ODUJHO\�LQH൵HFWLYH�GXH�WR�ODFN�RI�SHUVRQQHO�DQG�
WHFKQRORJ\��.RFK�������3\QH��������,QVWHDG��FOLPDWH�
ODUJHO\�GURYH�¿UH�DFWLYLW\�SULRU�WR�������+H\HUGDKO�HW�
DO��������0RUJDQ�HW�DO��������

7KH�H[FOXVLRQ�HUD�EHJDQ�LQ�������¿J�����ZLWK�WKH�
LQLWLDWLRQ�RI�WKH����$0�SROLF\�DW�WKH�QDWLRQDO�OHYHO��
ZKLFK�VWDWHG�WKDW�DOO�¿UHV�VKRXOG�EH�DWWDFNHG�ZLWK�WKH�
SXUSRVH�RI�VXSSUHVVLRQ�EHIRUH����R¶FORFN�WKH�IROORZLQJ�
PRUQLQJ��6LOFR[��������7KH�LQFUHDVH�LQ�¿UH¿JKWLQJ�
crews and equipment during this period, combined 
with a climatic shift to generally cooler springs and 
ZHWWHU�VXPPHUV��PDGH�EDFNFRXQWU\�¿UH�VXSSUHVVLRQ�
PRUH�H൵HFWLYH��0RUJDQ�HW�DO��������3\QH��������
However, following the passage of the Wilderness Act 
LQ������DQG�WKH�VXEVHTXHQW�VXFFHVV�RI�WKH�:KLWH�&DS�
ZLOGHUQHVV�¿UH�PDQDJHPHQW�SURJUDP�LQ�WKH�6HOZD\�
%LWWHUURRW�:LOGHUQHVV��,GDKR�DQG�0RQWDQD���WKH����
$0�SROLF\�ZDV�DEDQGRQHG�LQ�������6PLWK�������YDQ�
:DJWHQGRQN�������:LOGHUQHVV�$FW��������%\�������
managers began allowing some lightning-ignited 
¿UHV�ZLWKLQ�WKH�%0:�WR�EXUQ�LQ�WKH�'DQDKHU�&UHHN�
GUDLQDJH��WKXV�EHJLQQLQJ�WKH�¿UH�PDQDJHPHQW�SHULRG�LQ�
RXU�VWXG\�DUHD��¿J������$�¿UH�SODQ�IRU�WKH�HQWLUH�%0:�
ZDV�SXW�LQ�SODFH�LQ�������)ODWKHDG�1DWLRQDO�)RUHVW�
����D�E��

:H�FRPSLOHG�SUHH[LVWLQJ�¿UH�DWODVHV�IRU�WKH�QRUWKHUQ�
5RFN\�0RXQWDLQV��*LEVRQ�HW�DO��������3DUNV�HW�DO��
����D���7KH�*LEVRQ�DWODV�SURYLGHG�¿UH�SHULPHWHUV�
IRU������WKURXJK������IRU�WKH�VWXG\�DUHD��ZKHUHDV�
WKH�3DUNV�DWODV�FRYHUHG������WKURXJK�������:H�
WKHQ�XSGDWHG�WKH�¿UH�SHULPHWHU�GDWD�WR�LQFOXGH�¿UHV�
WKURXJK������XVLQJ�%0:�¿UH�SHULPHWHUV�REWDLQHG�
IURP�6SRWWHG�%HDU�5DQJHU�'LVWULFW�¿UH�PDQDJHPHQW�
VWD൵��$OO�¿UH�SHULPHWHUV�ZHUH�FOLSSHG�WR�WKH�XSSHU�
SF Flathead River watershed boundary (upstream 
RI�%XQNHU�&UHHN���WKHQ�FOLSSHG�DJDLQ�WR�WKH�%0:�
boundary, and divided by management period for 
analysis. This allowed us to determine the spatial and 
WHPSRUDO�GL൵HUHQFHV�LQ�DUHD�EXUQHG�RQH�RU�PRUH�WLPHV�
GXULQJ�GL൵HUHQW�PDQDJHPHQW�SHULRGV�

Field Methods
All fuels and forest structure measurements were 
PDGH�LQ�Q� ����SORWV��KDOI�RI�ZKLFK�ZHUH�ORFDWHG�LQ�
WKH�YLFLQLW\�RI�/LWWOH�6DOPRQ�3DUN�RQ�WKH�ZHVW�VLGH�RI�
WKH�6)�)ODWKHDG�5LYHU��RQFH�EXUQHG�SORWV���DQG�WKH�

other half of which were located in the area around the 
FRQÀXHQFH�RI�'DPQDWLRQ�&UHHN�DQG�WKH�6)�)ODWKHDG�
5LYHU�RQ�WKH�HDVW�VLGH�RI�WKH�ULYHU��WZLFH�EXUQHG�SORWV���
Plot locations were randomly distributed along an 
approximately 3 km reach of the main valley, centered 
RQ�WKH�FRRUGLQDWHV�RI����������1�������������:�
DQG�UDQJLQJ�LQ�HOHYDWLRQ�IURP�������P�WR�������P��,Q�
WKH�DUHD�VDPSOHG�E\�RXU�¿HOG�SORWV��WKH�ZHVW�VLGH�RI�
6)�)ODWKHDG�5LYHU�EXUQHG�LQ�WKH������/LWWOH�6DOPRQ�
Complex Fire. The east side of the river burned in 
WKH������+HOHQ�&UHHN�)LUH��DQG�DJDLQ�LQ�WKH������
'DPQDWLRQ�)LUH��¿J������7KH�DUHD�ZHVW�RI�WKH�ULYHU�GLG�
QRW�EXUQ�D�VHFRQG�WLPH��$OO�WKUHH�¿UHV�ZHUH�LJQLWHG�E\�
OLJKWQLQJ��0XOWLSOH�FRKRUWV�RI������WR�RYHU�����\HDU�
old western larch dominated the overstory of these 
mixed-conifer forests, with lodgepole pine, Douglas-
¿U��VXEDOSLQH�¿U��DQG�(QJHOPDQQ�VSUXFH�PDNLQJ�XS�
the rest of the tree community. These study areas were 
VHOHFWHG�LQ�DQ�HDUOLHU�VWXG\�RI�SRVW¿UH�WUHH�PRUWDOLW\�LQ�
old-growth western larch/mixed-conifer forests (Belote 
HW�DO������E��

:H�XVHG�VSDWLDO�SDUWLWLRQLQJ�RI�¿UH�HYHQWV�DQG�UHSHDWHG�
measurements of plots to establish our BACI design. 
,Q����������SORWV�ZHUH�HVWDEOLVKHG�DQG�VDPSOHG�RQ�
each side of the river to characterize the severity and 
H൵HFWV�RI�WKH������DQG������¿UHV��%HORWH�HW�DO������E���
+DOI�RI�WKHVH�SORWV�UHEXUQHG�LQ�WKH������¿UH��¿J������,Q�
������DOO�SORWV�ZHUH�UHORFDWHG�XVLQJ�JOREDO�SRVLWLRQLQJ�
system coordinates and remeasured to compare the 
twice-burned area on the east side of the corridor to the 
once-burned area on the west side of the corridor. We 
XVHG�WKH�EHIRUH�UHEXUQ��������DQG�DIWHU�UHEXUQ��������
measurements as our before and after with the once-
burned plots as our control and the twice-burned plots 
as the impact.

We censused seedlings, saplings, and live and standing 
dead trees for all tree species within each plot. For 
VHHGOLQJV��������P�WDOO���ZH�UHFRUGHG�WKH�KHLJKW�FODVV�
��±���FP����±���FP��RU���±����FP��DQG�VSHFLHV�RI�
stems within four 1-m-radius subplots which were 
centered 6 m north, east, south, and west of plot 
center, as well as within a 1-m-radius subplot at plot 
FHQWHU��7R�LQYHQWRU\�VDSOLQJV��!�����P�WDOO�DQG�����
FP�GLDPHWHU�DW�EUHDVW�KHLJKW�>G�E�K�@���ZH�UHFRUGHG�WKH�
GLDPHWHU�FODVV���±��FP���±���FP��RU���±���FP���VWDWXV�
�DOLYH�RU�GHDG���DQG�VSHFLHV�RI�DOO�VDSOLQJV�ZLWKLQ�������
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P�RI�SORW�FHQWHU��)RU�RYHUVWRU\�WUHHV��VWHPV�����FP�
G�E�K����ZH�UHFRUGHG�WKH�VSHFLHV��GLDPHWHU��WUHH�W\SH�
(live standing tree, dead standing tree, or uprooted or 
VQDSSHG��RU�ERWK��EHORZ�G�E�K��EXW�LQIHUUHG�WR�KDYH�
EHHQ�VWDQGLQJ�DW�WLPH�RI�¿UH��ZLWKLQ�������P�RI�SORW�
center. Additionally, we recorded trees with a d.b.h. 
JUHDWHU�WKDQ����FP�ZLWKLQ������P�RI�SORW�FHQWHU�

7R�LQYHQWRU\�¿QH�ZRRG�GHEULV��):'���ZH�UHFRUGHG�
fuels transects based on the planar intersect technique 
RI�%URZQ�DQG�9DQ�:DJQHU��%URZQ�������9DQ�:DJQHU�
�������������(DFK�SORW�KDG�IRXU�WUDQVHFWV�ZKLFK�UDQ�
north, east, south, and west from plot center. Along 
each transect, we counted the number of intersections 
RI���KRXU���±�����FP��DQG����KRXU������±�����FP��IXHO�
SDUWLFOHV�IURP���P�WR���P�IURP�SORW�FHQWHU��/LNHZLVH��
ZH�FRXQWHG�WKH�QXPEHU�RI�LQWHUVHFWLRQV�RI�����KRXU�
IXHOV������±�����FP��IURP���P�WR���P�IURP�SORW�FHQWHU��
We also measured litter (undecomposed organic 
PDWHULDO��DQG�GX൵��SDUWLDOO\�GHFRPSRVHG�RUJDQLF�
PDWHULDO��GHSWKV�DW���P�DQG���P�IURP�SORW�FHQWHU�DORQJ�
each transect.

7R�LQYHQWRU\�FRDUVH�ZRRG\�GHEULV��&:'��!����FP�
GLDPHWHU���ZH�PHDVXUHG�WKH�ODUJH�HQG�GLDPHWHU��
small-end diameter, and length of all woody debris 
particles within the perimeter of a 6-m-radius subplot 
with its origin located at plot center. If a piece of 
ZRRG\�GHEULV�WDSHUHG�WR�D�GLDPHWHU�OHVV�WKDQ�����FP��
the small-end diameter and length were measured 
only up to the point at which the debris still had a 
GLDPHWHU�HTXDO�WR�RU�JUHDWHU�WKDQ�����FP��,I�D�SLHFH�RI�
woody debris extended beyond the boundary of the 
6-m-radius subplot, we recorded only the length within 
the boundaries of the subplot. We recorded species (if 
LGHQWL¿DEOH��DQG�GHFD\�FODVV���±���ZLWK���LQGLFDWLQJ�
D�VRXQG�ORJ�ZLWK�QR�GHFD\�DQG���LQGLFDWLQJ�D�YHU\�
GHFD\HG�ORJ��

Field Data Analysis
:H�VXPPDUL]HG�¿QH�IXHO���±����KRXU��ORDGV�IRU�HDFK�
SORW�XVLQJ�%URZQ¶V��������HTXDWLRQV�IRU�PL[HG�VSHFLHV�
IXHOV��:H�FODVVL¿HG�DOO�&:'�DV�������KRXU�IXHOV��7R�
HVWLPDWH�������KRXU�IXHO�ORDGV��ZH�DSSUR[LPDWHG�WKH�
volume of logs as a conical frustum, and estimated 
wood densities by decay class using values for conifer 
ZRRG�IURP�/LX�HW�DO����������%HFDXVH�/LX�HW�DO���������
used four decay classes, we used the density value 
IURP�WKHLU�IRXUWK�GHFD\�FODVV�IRU�RXU�FODVVHV���DQG���

:H�WHVWHG�IRU�VLJQL¿FDQW�GL൵HUHQFHV�LQ�IRXU�%$&,�
contrasts using permutation tests where we randomly 
VKX൷HG�EHIRUH�UHEXUQ�DIWHU�UHEXUQ�DQG�RQFH�EXUQHG�
WZLFH�EXUQHG�ODEHOV�DPRQJ�SORWV��������WLPHV��5R൵�
�������2XU�FRQWUDVWV�ZHUH�GL൵HUHQFHV�LQ�PHDQV��n� �
���SORWV��RI�UHVSRQVH�YDULDEOHV�EHWZHHQ�WZLFH�EXUQHG�
after reburn and twice-burned before reburn (Impact 
$IWHU�±�,PSDFW�%HIRUH��,$�±�,%���RQFH�EXUQHG�DIWHU�
reburn and once-burned before reburn (Control After 
±�&RQWURO�%HIRUH��&$�±�&%���EHIRUH�UHEXUQ�WZLFH�
burned and before reburn once-burned (Before Impact 
±�%HIRUH�&RQWURO��%,���%&���DQG�DIWHU�UHEXUQ�WZLFH�
burned and after reburn once-burned (After Impact 
±�$IWHU�&RQWURO��$,�±�$&���:H�FDOFXODWHG�WZR�WDLOHG�
P-values as the ratio of the number of values at least 
DV�ODUJH�LQ�PDJQLWXGH��DEVROXWH�YDOXHV��DV�REVHUYHG�
YDOXHV�WR�WKH�QXPEHU�RI�VLPXODWLRQV�����������:H�
repeated these analyses for seedling, sapling, and tree 
�OLYH�DQG�GHDG��GHQVLWLHV��IXHO�ORDGV�LQ�HDFK�IXHO�VL]H�
FODVV���±������KRXU���DQG�OLWWHU�DQG�GX൵�GHSWKV��$OO�
analyses were performed in the R environment (R 
&RUH�7HDP�������

RESULTS
Fire History
2XU�DVVHVVPHQW�RI�DUHD�EXUQHG�IURP�WKH�¿UH�KLVWRU\�
PDSV�UHYHDOHG�WKDW���������KD����������DFUHV��EXUQHG�
IURP������WKURXJK�������SUH�H[FOXVLRQ���RQO\�����
KD��������DF��EXUQHG�GXULQJ�WKH�H[FOXVLRQ�SHULRG��
DQG���������KD����������DF��KDYH�EXUQHG�VLQFH�WKH�
EHJLQQLQJ�RI�WKH�¿UH�PDQDJHPHQW�SHULRG��¿J������2XU�
DQDO\VLV�LGHQWL¿HG�������������������DQG������DV�
PDMRU�¿UH�\HDUV�IRU�WKLV�VWXG\�DUHD��RU�\HDUV�ZKHQ�WKH�
DUHD�EXUQHG�H[FHHGHG�WKH���WK�SHUFHQWLOH�RI�DQQXDO�
DUHD�EXUQHG�IURP������WKURXJK�������¿J������'XULQJ�
WKHVH���\HDUV����������KD����������DF��EXUQHG��ZKLFK�
constitutes approximately 61 percent of all area burned 
over the course of the study period.

The total area and annual rate of area that reburned in 
WKH�¿UH�PDQDJHPHQW�SHULRG������SHUFHQW�FXPXODWLYHO\��
were similar to the amounts in the pre-exclusion 
SHULRG������SHUFHQW���DOWKRXJK�WKHUH�ZDV�OHVV�DUHD�
EXUQHG�WKUHH�RU�IRXU�WLPHV�GXULQJ�WKH�¿UH�PDQDJHPHQW�
SHULRG�WKDQ�LQ�WKH�SUH�H[FOXVLRQ�SHULRG��WDEOH�����,Q�
FRQWUDVW��RQO\�����SHUFHQW�RI�WKH�WRWDO�DUHD�EXUQHG��
ZLWK�QR�UHEXUQV��GXULQJ�WKH�H[FOXVLRQ�SHULRG��¿J�����
WDEOH�����)LUH�URWDWLRQ�ZDV����\HDUV���������\HDUV��DQG�
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Figure 3²0DSV�RI�DUHD�EXUQHG�ZLWKLQ�WKH�XSSHU�6RXWK�)RUN�)ODWKHDG�5LYHU�ZDWHUVKHG�RI�WKH�%RE�0DUVKDOO�:LOGHUQHVV��
0RQWDQD��86$�GXULQJ�WKH�WKUHH�FRQWLJXRXV�PDQDJHPHQW�SHULRGV��SUH�H[FOXVLRQ��������������H[FOXVLRQ��������������DQG�¿UH�
PDQDJHPHQW��������������)LUH�H[WHQW�LV�JUHDWO\�UHGXFHG�GXULQJ�WKH�¿UH�H[FOXVLRQ�SHULRG�GXH�WR�D�FRPELQDWLRQ�RI�FOLPDWLF�VKLIWV�
DQG�LQFUHDVHG�EDFNFRXQWU\�VXSSUHVVLRQ�DFWLYLW\��
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Unburned Burned 1x Burned 2x Burned 3x Burned 4x

3UH�H[FOXVLRQ������±�����
7RWDO�DUHD��KD� ������� ������ ������ ����� 582
��RI�DUHD 53.3 ���� ��� ��� 0.3
%XUQ�UDWH��KD�\U��� - ������� ����� ����� ����

)LUH�H[FOXVLRQ������±�����
7RWDO�DUHD��KD� ������� 585 0 0 0
��RI�DUHD ���� 0.3 0 0 0
%XUQ�UDWH��KD�\U��� - ���� 0 0 0

)LUH�PDQDJHPHQW������±�����
7RWDO�DUHD��KD� ������� 73,027 ������ ����� ��
��RI�DUHD 57.8 ���� ��� ��� 0.03

 %XUQ�UDWH��KD�\U��� - 2,028.5 ����� ���� ���

Table 1²5HVXOWV�IURP�VSDWLDO�DQDO\VHV�RI�DUHD�WKDW�EXUQHG�PXOWLSOH�WLPHV�LQ�WKH�6RXWK�)RUN�)ODWKHDG�5LYHU�YDOOH\��0RQWDQD��
during three periods. 

Figure 4²$UHD�EXUQHG�E\�\HDU�RYHU�WKH�FRXUVH�RI�WKH�¿UH�DWODV�SHULRG��$�IHZ�\HDUV��������������������������DFFRXQW�IRU�D�
ODUJH�SHUFHQWDJH�RI�WRWDO�DUHD�EXUQHG��FRQVLVWHQW�ZLWK�0RUJDQ�HW�DO�¶V��������FRQFHSW�RI�UHJLRQDO�¿UH�\HDUV���
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Figure 5²$UHDV�ZLWKLQ�XSSHU�6RXWK�)RUN�)ODWKHDG�5LYHU�ZDWHUVKHG�ZLWKLQ�WKH�%RE�0DUVKDOO�:LOGHUQHVV��0RQWDQD��86$�WKDW�
EXUQHG�PXOWLSOH�WLPHV�GXULQJ�WKUHH�FRQWLJXRXV�SHULRGV��SUH�H[FOXVLRQ�IURP���������������\HDUV���H[FOXVLRQ�IURP�����������
����\HDUV���DQG�¿UH�PDQDJHPHQW�IURP���������������\HDUV���

���\HDUV�GXULQJ�WKH�SUH�H[FOXVLRQ��H[FOXVLRQ��DQG�¿UH�
management periods, respectively.

5HEXUQ�(ႇHFWV�RQ�7UHH�5HJHQHUDWLRQ��
Forest Structure, and Fuels
6HHGOLQJ�GHQVLW\�GHFUHDVHG�VLJQL¿FDQWO\�LQ�WKH�WZLFH�
EXUQHG�SORWV�ZKLOH�WKHUH�ZDV�QR�VLJQL¿FDQW�GHFUHDVH�LQ�
RQFH�EXUQHG�SORWV��¿J�����WDEOH�����6HHGOLQJ�GHQVLWLHV�
ZHUH�QRW�GL൵HUHQW�EHWZHHQ�RQFH�EXUQHG�DQG�WZLFH�
burned plots in either before or after periods. Sapling 
GHQVLW\�VLJQL¿FDQWO\�LQFUHDVHG�LQ�WKH�RQFH�EXUQHG�SORWV�
EXW�ZDV�VWDEOH�LQ�WKH�WZLFH�EXUQHG�SORWV��¿J�����WDEOH�
����/LYH�WUHH�GHQVLWLHV�ZHUH�VWDEOH�RYHU�WLPH�LQ�ERWK�
once- and twice-burned plots. There was a marginally 
VLJQL¿FDQW�GHFUHDVH�LQ�VWDQGLQJ�GHDG�WUHH�GHQVLW\�LQ�WKH�

once-burned plots, while the twice-burned plots were 
VWDEOH��¿J�����WDEOH����

Fine fuels in the 1 hour size class declined in twice-
EXUQHG�SORWV��ZLWK�QR�VLJQL¿FDQW�GHFUHDVH�LQ�WKH�
RQFH�EXUQHG�SORWV��¿J�����WDEOH�����$FFXPXODWLRQ�RI�
���KRXU�IXHOV�ZDV�VLJQL¿FDQW�LQ�WKH�RQFH�EXUQHG�SORWV��
while there was no change in the twice-burned plots. 
+XQGUHG��KRXU�IXHOV�DOVR�DFFXPXODWHG�VLJQL¿FDQWO\�
in the once-burned plots and were stable in the twice-
EXUQHG�SORWV��7KH�ODUJH��������KRXU��IXHOV�ZHUH�VWDEOH�
RYHU�WLPH�LQ�ERWK�RQFH��DQG�WZLFH�EXUQHG��¿J�����
WDEOH�����/LWWHU�DQG�GX൵�GHSWKV�LQFUHDVHG�VLJQL¿FDQWO\�
ZLWKRXW�¿UH�LQ�WKH�RQFH�EXUQHG�SORWV��ZLWK�QR�FKDQJHV�
GHWHFWHG�LQ�WKH�WZLFH�EXUQHG�SORWV��¿J�����WDEOH����
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Figure 6²(ႇHFWV�RI�VLQJOH�DQG�UHSHDW�¿UHV�RQ�GHQVLW\�RI�VHHGOLQJV��VDSOLQJV��DQG�WUHHV��&RQWUDVWV�DUH�EHWZHHQ�RQFH�EXUQHG�
SORWV�������RU������¿UH� n� ����DQG�WZLFH�EXUQHG�SORWV�������¿UH��n� �����DQG�EHWZHHQ�WZR�VDPSOLQJ�WLPHV��EHIRUH�UHEXUQ�
�������DQG�DIWHU�UHEXUQ���������6HHGOLQJV�DUH�LQGLYLGXDOV�������P�WDOO��VDSOLQJV�DUH�!�����P�WDOO�DQG�����FP�LQ�'%+��7UHHV�DUH�
VWHPV�����FP�'%+��9DOXHV�DUH�PHDQV�ZLWK�YHUWLFDO�EDUV�UHSUHVHQWLQJ����VWDQGDUG�HUURU�
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Contrast 'LႇHUHQFH�LQ�GHQVLW\��VWHPV�KD-1) P-value

Seedlings ,$�±�,% -541 0.003*

&$�±�&% ���� �����

%,�±�%& ��� 0.25

$,�±�$& ���� �����

Saplings ,$�±�,% 5 0.538

&$�±�&% 15 0.044*

%,�±�%& �� �����

$,�±�$& 0 �����

/LYH�WUHHV ,$�±�,% ��� �����

&$�±�&% -8 0.833

%,�±�%& ��� 0.778

$,�±�$& ��� �����

Dead trees ,$�±�,% � ���

&$�±�&% ��� 0.287

%,�±�%& -37 0.092

$,�±�$& �� �����

Table 2²5HVXOWV�IURP�SHUPXWDWLRQ�WHVWV�RQ�PHDQ�GLႇHUHQFHV�LQ�VHHGOLQJ��VDSOLQJ��OLYH�WUHH��DQG�GHDG�WUHH�GHQVLWLHV�IRU�
IRXU�EHIRUH�DIWHU�FRQWURO�LPSDFW�FRQWUDVWV�LQ�EXUQHG�DUHD�LQ�WKH�6RXWK�)RUN�)ODWKHDG�5LYHU�YDOOH\��0RQWDQD���&RQWUDVWV�DUH�
GLႇHUHQFHV�EHWZHHQ�WZLFH�EXUQHG�DIWHU�UHEXUQ�DQG�WZLFH�EXUQHG�EHIRUH�UHEXUQ��,PSDFW�$IWHU�±�,PSDFW�%HIRUH��,$�±�,%���RQFH�
EXUQHG�DIWHU�UHEXUQ�DQG�RQFH�EXUQHG�EHIRUH�UHEXUQ��&RQWURO�$IWHU�±�&RQWURO�%HIRUH��&$�±�&%���EHIRUH�UHEXUQ�WZLFH�EXUQHG�DQG�
EHIRUH�UHEXUQ�RQFH�EXUQHG��%HIRUH�,PSDFW�±�%HIRUH�&RQWURO��%,�±�%&���DQG�DIWHU�UHEXUQ�WZLFH�EXUQHG�DQG�DIWHU�UHEXUQ�RQFH�
EXUQHG��$IWHU�,PSDFW�±�$IWHU�&RQWURO��$,�±�$&���6LJQL¿FDQW�UHVXOWV�DUH�LQGLFDWHG�LQ�EROG�ZLWK�DQ�DVWHULVN��0DUJLQDOO\�VLJQL¿FDQW�
UHVXOWV�DUH�LQGLFDWHG�LQ�EROG�RQO\�
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Figure 7²(ႇHFWV�RI�VLQJOH�DQG�UHSHDW�¿UHV�RQ��������KU�IXHO�ORDGV��&RQWUDVWV�DUH�LGHQWLFDO�WR�WKRVH�GHVFULEHG�LQ�¿JXUH����)LQH�
IXHO��������KU��ORDGV�ZHUH�PHDVXUHG�DQG�HVWLPDWHG�XVLQJ�%URZQ¶V��������PHWKRGV����KU�IXHOV�DUH�ZRRG\�GHEULV��������FP�LQ�
GLDPHWHU�����KU�DUH�������������FP������KU�DUH�������������FP��DQG������KU�DUH�!����FP��9DOXHV�DUH�PHDQV�ZLWK�YHUWLFDO�EDUV�
UHSUHVHQWLQJ����VWDQGDUG�HUURU�
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Contrast 'LႇHUHQFH�LQ�IXHO�ORDG��NJ�P-2 or cm) P-value

��KRXU�IXHOV ,$�±�,% -0.06 0.002*

&$�±�&% -0.03 �����

%,�±�%& ���� ����

$,�±�$& -0.02 �����

���KRXU�IXHOV ,$�±�,% -0.03 �����

&$�±�&% 0.17 0.015*

%,�±�%& ����� �����

$,�±�$& -0.21 0.003*

����KRXU�IXHOV ,$�±�,% ����� �����

&$�±�&% 0.36 0.003*

%,�±�%& 0.20 �����

$,�±�$& -0.29 0.017*

������KRXU�IXHOV ,$�±�,% ����� ����

&$�±�&% ���� �����

%,�±�%& ���� �����

$,�±�$& ����� �����

/LWWHU�GHSWK ,$�±�,% -0.38 0.507

&$�±�&% 1.04 0.053

%,�±�%& ����� �����

$,�±�$& -1.71 0.001*

'Xႇ�GHSWK ,$�±�,% ����� �����

&$�±�&% ���� �����

%,�±�%& -0.57 �����

 $,�±�$& -1.79 0.033*

Table 3²5HVXOWV�IURP�SHUPXWDWLRQ�WHVWV�RQ�PHDQ�GLႇHUHQFHV�LQ���KRXU�����KRXU������KRXU��������KRXU��OLWWHU��DQG�GXႇ�IXHO�
DPRXQWV�IRU�IRXU�EHIRUH�DIWHU�FRQWURO�LPSDFW�FRQWUDVWV�LQ�EXUQHG�DUHD�LQ�WKH�6RXWK�)RUN�)ODWKHDG�5LYHU�YDOOH\��0RQWDQD���/LWWHU�
DQG�GXႇ�DUH�H[SUHVVHG�DV�GHSWK��FP����±������KRXU�IXHOV�DV�ORDG��NJ�P-2���&RQWUDVWV�DUH�WKH�VDPH�DV�LQ�WDEOH����6LJQL¿FDQW�
UHVXOWV�DUH�LQGLFDWHG�LQ�EROG�ZLWK�DQ�DVWHULVN��0DUJLQDOO\�VLJQL¿FDQW�UHVXOWV�DUH�LQGLFDWHG�LQ�EROG�RQO\�
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Figure 8²(ႇHFWV�RI�VLQJOH�DQG�UHSHDW�¿UHV�RQ�OLWWHU�DQG�GXႇ�
IXHO�GHSWKV��&RQWUDVWV�DUH�LGHQWLFDO�WR�WKRVH�GHVFULEHG�LQ�
¿JXUH����/LWWHU�LV�RUJDQLF�PDWHULDO�WKDW�LV�¿QHU�WKDQ���KU�IXHOV��
EXW�LV�XQGHFRPSRVHG��'Xႇ�LV�SDUWLDOO\�GHFRPSRVHG�RUJDQLF�
PDWHULDO��9DOXHV�DUH�PHDQV�ZLWK�YHUWLFDO�EDUV�UHSUHVHQWLQJ�
���VWDQGDUG�HUURU�

DISCUSSION
Fire History
2XU�DQDO\VLV�RI�����\HDUV�RI�¿UH�KLVWRU\�GDWD�
demonstrates that modern reburns have recent 
precedent: They were a conspicuous component of the 
KLVWRULFDO�¿UH�UHJLPH�LQ�WKH�%0:��0RGHUQ�UHEXUQV�DUH�
QHLWKHU�DQRPDORXV�QRU�XQSUHFHGHQWHG��WKH\�DUH�D�NH\�
HOHPHQW�RI�WKH�QDWXUDO�¿UH�UHJLPH�LQ�WKH�ZHVWHUQ�%0:��
creating structurally and functionally distinct habitat 
FRPSDUHG�WR�RQFH�EXUQHG�VLWHV��/DUVRQ�HW�DO��������
:DUG�HW�DO���������7KH�FXUUHQW�UHJLPH�RI�DFWLYH�¿UH�
VLQFH������PLUURUV�WRWDO�DUHD�EXUQHG��¿JV����DQG����DQG�
DUHD�UHEXUQHG�LQ�WKH�SUH�H[FOXVLRQ�SHULRG��¿J�����WDEOH�
����$�WUHH�ULQJ�EDVHG�¿UH�KLVWRU\�LQ�WKH�VRXWKHDVWHUQ�
portion of our study area also documented a regime 
RI�IUHTXHQW��ZLGHVSUHDG�¿UHV��LQFOXGLQJ�ODUJH�UHEXUQV��
VLQFH�������*DEULHO��������FRUURERUDWLQJ�RXU�UHVXOWV�
and extending the temporal depth of the record with a 
second line of evidence.

7KH�VWULNLQJ�GL൵HUHQFHV�LQ�WRWDO�DUHD�EXUQHG�DQG�DUHD�
UHEXUQHG�DFURVV�WKH�WKUHH�WLPH�SHULRGV��WDEOH����¿J�����
are due to the interaction of climatic variability and 
¿UH�PDQDJHPHQW�SROLF\��$QQXDO�DQG�GHFDGDO�YDULDWLRQ�
RI�FOLPDWH�LV�WKH�SULPDU\�GULYHU�RI�¿UH�DUHD�EXUQHG�
in the northern U.S. Rocky Mountains, including 
WKH�ZHVWHUQ�%0:��+H\HUGDKO�HW�DO��������+LJXHUD�
HW�DO��������0RUJDQ�HW�DO���������7KH�VXFFHVV�RI�¿UH�
VXSSUHVVLRQ�H൵RUWV�GXULQJ�WKH�H[FOXVLRQ�SHULRG��6WHHOH�
������ZDV�YHU\�OLNHO\�FRQGLWLRQHG�XSRQ�WKH�ORZHU�
frequency of hot, dry springs and summers during the 
PLG���WK�FHQWXU\�UHODWLYH�WR�WKH�SUH�H[FOXVLRQ�DQG�¿UH�
PDQDJHPHQW�SHULRGV��GXULQJ�ZKLFK�DOO�UHJLRQDO�¿UH�
years occurred in the northern U.S. Rockies (Morgan 
HW�DO��������

5HEXUQ�(ႇHFWV�RQ�7UHH�5HJHQHUDWLRQ��
Forest Structure, and Fuels
5HEXUQ�H൵HFWV�RQ�WKH�WUHH�FRPPXQLW\�ZHUH�SULPDULO\�
concentrated in the smaller tree size classes: seedlings 
DQG�VDSOLQJV��¿J������6HHGOLQJV�WKDW�HVWDEOLVKHG�DIWHU�
WKH�LQLWLDO������¿UH�KDG�QRW�\HW�JURZQ�ODUJH�HQRXJK�
E\�WKH�VHFRQG�¿UH�LQ������WR�GHYHORS�¿UH�UHVLVWDQFH�
WUDLWV��H�J���WKLFN�EDUN���DQG�FRQVHTXHQWO\�VX൵HUHG�
KLJK�PRUWDOLW\��&OLPDWH�FKDQJH�PD\�PDNH�SRVW¿UH�WUHH�
UHJHQHUDWLRQ�OHVV�VXFFHVVIXO�IROORZLQJ�IXWXUH�¿UHV�RQ�
environmentally stressful sites (Stevens-Rumman and 
0RUJDQ��������+RZHYHU��ZH�REVHUYHG�DEXQGDQW�WUHH�
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regeneration establishing after both single and repeat 
ZLOG¿UHV�DW�RXU�VLWHV��ZKLFK�ZHUH�VLWXDWHG�RQ�WKH�YDOOH\�
bottom on gentle topography. We interpret the net 
stability of the sapling community in the twice-burned 
VLWHV�DV�WKH�FRPELQHG�H൵HFW�RI�LQJURZWK�RI�VHHGOLQJV�
LQWR�WKH�VDSOLQJ�VL]H�FODVV�EDODQFHG�E\�¿UH�FDXVHG�
sapling mortality in the reburn event.

The overstory tree community was highly resistant to 
change over time in both the once-burned and twice-
EXUQHG�SORWV��7KH�LQLWLDO�¿UHV��LQ������DQG�������
SUHIHUHQWLDOO\�UHPRYHG�WKH�OHDVW�¿UH�UHVLVWDQW�WUHHV�
WKURXJK�GLUHFW�¿UH�UHODWHG�PRUWDOLW\�DQG�SRVW¿UH�EDUN�
EHHWOH��IDPLO\�6FRO\WLGDH��DWWDFN��%HORWH�HW�DO������E��
+RRG�DQG�%HQW]��������7KXV��ZH�LQWHUSUHW�WKH�VWDELOLW\�
of the overstory tree population in the once-burned 
plots as the result of the return to low background rates 
RI�WUHH�PRUWDOLW\�E\�WKH�WLPH�RI�RXU�VDPSOLQJ����DQG�
���\HDUV�SRVW�¿UH��.HDQH�HW�DO��������/HLUIDOORP�DQG�
.HDQH�������9DQ�0DQWJHP�HW�DO���������,Q�WKH�WZLFH�
burned plots, the relative stability of the overstory 
ZDV�OLNHO\�GXH�WR�WKH�KLJK�¿UH�UHVLVWDQFH�RI�WKH�WUHHV�
WKDW�VXUYLYHG�WKH�LQLWLDO�¿UH��%HORWH�HW�DO������E��
+DUULQJWRQ�������/DUVRQ�HW�DO���������FRPELQHG�ZLWK�
modest recruitment from the sapling size class into the 
RYHUVWRU\�WUHH�VL]H�FODVV��R൵VHWWLQJ�PRUWDOLW\�FDXVHG�E\�
the second burn. 

6LQJOH�DQG�UHSHDW�¿UHV�KDG�VKDUSO\�FRQWUDVWLQJ�H൵HFWV�
RQ�VXUIDFH�IXHOV��¿JV����DQG�����,Q�RQFH�EXUQHG�SORWV��
PRVW�IXHO�W\SHV�LQFUHDVHG�RU�ZHUH�VWDEOH�IURP������
WR�������7KLV�UHÀHFWV�WKH�RQJRLQJ�GHSRVLWLRQ�RI�EDUN��
EUDQFKHV��DQG�EROHV�IURP�¿UH�NLOOHG�WUHHV��DGGLQJ�WR�
WKH�VXUIDFH�IXHO�ORDG��'XQQ�DQG�%DLOH\��������������,Q�
FRQWUDVW��WKH�VHFRQG�¿UH�HLWKHU�UHGXFHG�RU�PDLQWDLQHG�
VXUIDFH�IXHOV�LQ������UHODWLYH�WR������OHYHOV��¿JV����
DQG�����)XHO�FRQVXPSWLRQ�LQ�WKH�VHFRQG�¿UH�R൵VHW�
QHZ�GHSRVLWLRQ��OHDGLQJ�WR�VLJQL¿FDQW�GL൵HUHQFHV�
EHWZHHQ�RQFH�EXUQHG�DQG�WZLFH�EXUQHG�VLWHV�LQ������
for multiple fuel classes. Based on these results, it is 
QRW�DSSURSULDWH�WR�FKDUDFWHUL]H�VLQJOH�¿UHV�IROORZLQJ�
D�ORQJ�¿UH�IUHH�SHULRG�DV�³IXHO�UHGXFWLRQ�WUHDWPHQWV�´�
5DWKHU��VLQJOH�¿UHV�OHDG�WR�VWHDG\�DFFXPXODWLRQ�RI�QHZ�
VXUIDFH�IXHOV�DV�¿UH�NLOOHG�WUHHV�DQG�EUDQFKHV�IDOO�WR�WKH�
IRUHVW�ÀRRU��'XQQ�DQG�%DLOH\��������������,Q�FRQWUDVW��
reburns do function as fuel reduction treatments, 
maintaining or reducing surface fuels through time 
�'RQDWR�HW�DO��������6WHYHQV�5XPPDQ�HW�DO��������
:DUG�HW�DO��������

The scope of inference for these analyses of single 
DQG�UHSHDW�ZLOG¿UH�H൵HFWV�RQ�WUHH�UHJHQHUDWLRQ��
forest structure, and surface fuels is old-growth 
western larch/mixed-conifer forest. The presence 
RI�ODUJH�GLDPHWHU��¿UH�UHVLVWDQW�ZHVWHUQ�ODUFK�WUHHV�
is an important factor to consider when interpreting 
DQG�JHQHUDOL]LQJ�RXU�UHVXOWV��+DUULQJWRQ��������
In particular, overstory stability in reburns might 
be diminished at sites with lesser proportions of 
¿UH�UHVLVWDQW�VSHFLHV��%HORWH�HW�DO������E���:H�
acknowledge that this case study, while providing 
strong inference due to the BACI design, does not 
VDPSOH�WKH�IXOO�UDQJH�RI�SRVVLEOH�UHEXUQ�H൵HFWV�
�&RSSHODWWD�HW�DO��������6WHYHQV�5XPPDQ�HW�DO��������

CONCLUSIONS AND  
MANAGEMENT IMPLICATIONS

Our analyses have implications for wilderness 
¿UH�PDQDJHPHQW��DV�ZHOO�DV�IRU�GHVLJQ�RI�IRUHVW�
restoration and ecological forestry treatments outside 
RI�ZLOGHUQHVV�DUHDV��7KH�PRVW�LPSRUWDQW�¿QGLQJ�
IURP�RXU�DQDO\VLV�RI�����\HDUV�RI�¿UH�KLVWRU\�GDWD�LV�
WKH�VLPLODULW\�EHWZHHQ�WKH�FXUUHQW�DFWLYH�¿UH�UHJLPH�
�����±������DQG�WKH�SUH�H[FOXVLRQ�KLVWRULFDO�SHULRG�
�����±�������LQ�WHUPV�RI�ERWK�DQQXDO�DUHD�EXUQHG�DQG�
amount of area burned two to four times. These results 
GHPRQVWUDWH�WKDW�WKH�PRGHUQ�¿UH�UHJLPH�KDV�D�UHFHQW�
historical precedent, and that reburns are a component 
RI�WKH�QDWXUDO�¿UH�UHJLPH�RI�WKH�ZHVWHUQ�%RE�0DUVKDOO�
:LOGHUQHVV��2XU�DQDO\VHV�RI�UHEXUQ�H൵HFWV�RQ�WUHH�
regeneration, forest structure, and fuel loads suggest 
that a broader range of posttreatment conditions than 
GHVFULEHG�E\�+RSNLQV�HW�DO���������LV�DSSURSULDWH�IRU�
FRPELQHG�WKLQQLQJ�DQG�SUHVFULEHG�¿UH�WUHDWPHQWV�WKDW�
VHHN�WR�UHVWRUH�H൵HFWV�RI�SDVW�KDUYHVW�DQG�¿UH�H[FOXVLRQ�
LQ�ZHVWHUQ�ODUFK�PL[HG�FRQLIHU�IRUHVWV��5HSHDW�¿UHV�
result in simpler forest stand structure, lower fuel 
ORDGV��DQG�OHVV�WUHH�UHJHQHUDWLRQ�WKDQ�GR�VLQJOH�¿UHV�
�¿J������7KH�VLPLODU�UHODWLYH�DEXQGDQFH�RI�XQEXUQHG��
once-burned, and reburned area we observed in the 
SUH�H[FOXVLRQ�DQG�¿UH�PDQDJHPHQW�SHULRGV��WDEOH����
should be informative to managers seeking to use 
WKLQQLQJ��SUHVFULEHG�¿UH��DQG�PDQDJHG�ZLOG¿UHV�WR�
UHVWRUH�¿UH�SURQH�IRUHVW�ODQGVFDSHV�RXWVLGH�ZLOGHUQHVV�
DUHDV��+HVVEXUJ�HW�DO��������



8�6��)RUHVW�6HUYLFH�5056�3����������� ���

Wilderness provides value to society as a source 
RI�VFLHQWL¿F�LQIRUPDWLRQ�WKDW�HQKDQFHV�RXU�DELOLW\�
to sustainably manage nonwilderness lands. The 
:LOGHUQHVV�$FW�RI������LGHQWL¿HV�VFLHQWL¿F�DQG�
educational uses as two of the purposes of wilderness 
areas. Scientists and educators are thus wilderness 
stakeholders who have a role in delivering to society 
the information value derived from wilderness 
areas. Managers can use the results presented here to 
inform the design and monitoring of forest landscape 
restoration prescriptions for large planning areas 
�VHQVX�+HVVEXUJ�HW�DO���������DV�ZHOO�DV�IRU�VWDQG�
OHYHO�UHVWRUDWLRQ��+RSNLQV�HW�DO��������DQG�HFRORJLFDO�
IRUHVWU\��&URWWHDX�HW�DO��������WUHDWPHQWV�WKDW�SURGXFH�
commercial products.
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